Background The aim of the study was to review systematically the literature measuring the accuracy of routine UK hospital statistics that classify patients on discharge.
Introduction
Routine information about the patients who use their services has been collected by all hospitals in the United Kingdom since the National Health Service (NHS) was established. Policymakers and planners use this information to estimate health service demand and to organize local service provision. Researchers may use it in epidemiological studies or to identify people who have undergone particular procedures or received specific diagnoses. Accuracy of the data being used is clearly of vital importance to all potential users, and considerable NHS resources are spent on such quality assurance activities. 1, 2 In the United Kingdom, information about an episode of hospital care is recorded following patient discharge and includes details of the patient's main diagnosis, five subsidiary diagnoses and any operations and procedures undergone. These are coded using the World Health Organization's International Classification of Disease (ICD) 3 and the classification of surgical operations and procedures published by the UK Office of Population Censuses and Surveys (OPCS). 4 Collation of this information at a national level is organized by separate bodies in England, Scotland, Wales and Northern Ireland and uses slightly different systems. In England, the Hospital Activity Analysis (HAA) system was introduced in 1970, 5, 6 and replaced by the Hospital Episode Statistics system (HES) in 1989. 7 Wales has a similar system to HES, called the Patient Episode Database for Wales (PEDW), which replaced Welsh HAA in 1990. In Northern Ireland the Information and Analysis Unit of the Department of Health, Social Services and Public Safety for Northern Ireland replaced the Research and Intelligence Unit of the Department of Health in collating Hospital Statistics. Scottish Morbidity Records (SMR) were introduced in Scotland in 1961, and data collection is co-ordinated nationally by the Information and Services Division (ISD) of NHS Scotland (NHSS). 2 Scotland has generally led the field on health service information in the United Kingdom, 8 and has had coding quality assurance systems in place for longer than other parts of the United Kingdom. However, both the Department of Health in England and Wales and ISD in Scotland provide education and training for coding staff, together with a national coding query service and regular coding policy updates. 1, 9, 10 In addition, regular large-scale audits are conducted to monitor the quality of routine information against national standards.
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A systematic review of discharge coding accuracy
Since the introduction of national routine hospital information systems there have been major revisions to the ICD and OPCS coding systems that are used. These have been incorporated into HAA, HES, PEDW and SMR at various points in time. For example, diagnoses in HAA were coded using ICD8; in HES they were coded using ICD9 until April 1995, when ICD10 was introduced. 7 Revisions to ICD and OPCS might be expected to produce a general upward trend in coding accuracy. However, 'troughs' may occur as coders transfer from one system to another, and accuracy rates may decrease if revised systems are more complex or require different levels of detail or interpretation (e.g. three-digit versus four-digit coding). Accuracy rates may also decline if coding systems become 'outof-date'. For example, new procedures are being developed all the time and may be difficult to code using OPCS4, which was last revised in 1988-1989. Over time, the provision of training for clinical coders and materials to support clinical coding has improved. For example, telephone help-lines for coding queries have been introduced, and information about the use and interpretation of ICD and OPCS codes for HES and SMR purposes is now available on-line. 2 The extent to which these changes are reflected in variations in coding accuracy rates over time is currently unclear.
Some diagnoses or procedures may be more difficult to code than others, and therefore more prone to inaccuracy. If an episode of care is associated with multiple diagnoses or procedures, the primary one may be a matter of opinion, creating the potential for discrepancies between coders and apparent coding errors. Similarly, if a condition is rare, difficult to diagnose, or a conclusive diagnosis has not been reached on discharge, discrepancies may occur between coders. Accuracy rates might be expected to be higher for conditions and procedures that occur frequently and episodes of care that could be described as straightforward because these are likely to be described in a more consistent manner in discharge summaries or case records (e.g. through the use of Integrated Care Pathways or structured medical records).
The primary aim of this study is to identify and review published studies that investigate the accuracy of routinely collected hospital episode data, to determine overall rates of accuracy. Accuracy is defined as the proportion of hospital episode records that have the same code as that assigned by an independent review of the discharge summary or medical record. The secondary aim is to test the following hypotheses:
(1) accuracy rates vary between the different procedural and diagnostic coding systems (i.e. ICD7, ICD8, ICD9, ICD10 and OPCS4); (2) accuracy rates vary between England and Wales and Scotland; (3) accuracy rates improved between 1975 and 1998; (4) frequently occurring diagnoses and procedures are coded accurately more often than rare ones. 
Methods

Search methods
Review selection criteria
The papers identified from the electronic search were independently screened for inclusion by two investigators (S.C. and M.C. or A.W.). Studies were included if they were set in the United Kingdom; compared hospital episode records with case note review of the original medical records; examined ICD or OPCS codes alone or in combination; and measured data quality against published standards and rules.
3-5,9,10
Methodological quality assessment
Two investigators independently undertook the quality assessment of included papers (S.C. and M.C. or A.W.) using a predefined checklist of five quality criteria derived from Crombie.
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Initial agreement between two investigators was achieved in 93 per cent of cases. Independent review by the third investigator was undertaken if agreement could not be reached. The quality criteria are described below.
(1) Random sampling of episodes for scrutiny. This was coded as 'done' if random sampling was explicitly mentioned; 'unclear' if the sampling strategy was not defined; and 'not done' if the sampling strategy was defined but not random. (2) At least 90 per cent of sampled episodes available for scrutiny (i.e. both the hospital episode information and the original medical record). This was coded as 'done' if the proportion was explicitly stated as 90 per cent or more; 'unclear' if the proportion was not stated; and 'not done' if the proportion was explicitly stated but below 90 per cent. (3) Trained coders used in the study. This was coded as 'done' if the coders were specifically described as having received training in coding techniques; 'unclear' if no mention was made of specific training, or if the coders were described as clinicians or researchers; and 'not done' if the coders were described as untrained. (4) Inter-and intra-coder reliability rates reported. This was coded as 'done' if statistical measures of either inter-coder or intra-coder reliability were reported; 'not clear' if coding reliability was discussed in the study method, but not reported; and 'not done' if no mention was made of intercoder or intra-coder reliability.
(5) Awareness of the codes given at time of discharge. This was coded as 'unaware' if the coders in the study were not aware of the diagnosis, procedure or discharge code associated with an episode before coding the medical record; 'semiaware' if the coders knew the diagnostic or procedural categories, but not the specific discharge codes; 'aware' if the coders knew the discharge codes given before looking at the medical record; and 'not clear' if the level of awareness was not reported.
Data extraction
The following data were extracted from the included studies by two independent extractors (S.C. and M.C. or A.W.): diagnostic or procedural category and codes considered; number of episodes assessed; percentage accuracy for primary diagnosis and operations or procedures; location of the study hospitals (Scotland or England, Wales and Northern Ireland); year in which the study was conducted; prevalence of condition or procedure (low, high or mixed).
For the purpose of this review, Guillain Barré syndrome, 12 Wilson's disease, 13 Crohn's disease, 14 ulcerative colitis, 14 salivary gland tumours 15 and abdominal aortic aneurysm 16 were categorized as low prevalence conditions; and procto-colectomy and splenectomy 17 as low prevalence procedures. All other specified diagnoses and procedures were described as high prevalence.
Analyses
Extracted data were stored on an Access database. Qualitative and descriptive analyses were undertaken because heterogeneity in the design of papers prevented quantitative meta-analysis. Non-parametric statistics (medians, Spearman's rho, MannWhitney U-test and Kruskal-Wallis 2 test) were used to investigate the secondary aims of the study because the accuracy data were negatively skewed.
Results
Description of studies
Thirty potential studies were identified by the searches. Nine studies were excluded; eight did not compare the hospital episode statistics with medical records, and one looked at the frequency rather than the accuracy of coding. Details of excluded studies are available from the authors.
Twenty-one studies met the inclusion criteria. Twelve of these were based in England or Wales, 12, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and nine in Scotland using SMR01 forms. 2, [13] [14] [15] [16] [28] [29] [30] [31] Nine of these studies reported data from more than one sample, or assessed accuracy of both diagnostic and procedural coding in the same sample, producing a total of 39 datasets for the review: 17 in England, Wales or Northern Ireland; 22 in Scotland. Twenty-five of these datasets relate to accuracy of diagnostic coding (ICD codes) and 14 to procedural codes (OPCS codes). All reported frequencies now refer to datasets rather than studies.
Details of the datasets included in the review are presented in Tables 1 and 2 . The majority of datasets assessed the accuracy of ICD8 (n ϭ 6), ICD9 (n ϭ 12) or OPCS4 (n ϭ 11) codes. Three datasets evaluated the accuracy of codes for rare conditions over a prolonged period of time when both ICD8 and ICD9 coding systems were in use. 13, 14 In six of the early datasets, the version of ICD or OPCS coding used was not stated [18] [19] [20] 22 although ICD7 and OPCS4 were the coding systems available when they were conducted. One dataset assessed OPCS3 codes. 24 Sixteen of the datasets assessed the accuracy of coding in a random selection of all types of episodes of care. 2, 19, 20, 22, 24, 27, 28 The remainder considered a pre-specified selection of diagnoses, ranging from relatively low prevalence conditions such as Wilson's disease 24 to higher prevalence ones such as cerebrovascular disease. 25, 26 Sampling frames varied from a single department within a hospital 26 to 50 or more hospitals within a region. 2 However, the majority of datasets (n ϭ 11) were obtained in one or two hospital settings. The number of episodes of care sampled ranged from 19 to 9416 (median 108.5).
Details of the quality criteria for the included studies are shown in Table 3 . All studies had evidence of random selection of patient records and all selected datasets were at least 90 per cent complete. Evidence of training for clinical coding was found in relation to 10 datasets (five studies). 2, 19, 25, 27, 30 Intercoder reliability was explicitly reported for 13 datasets (four studies) 2,27,30,31 and coders were described as unaware of the diagnosis or operation under assessment for eight datasets (four studies). 19, 24, 27, 28 Overall, two of the datasets met all five of the quality criteria, seven met four criteria, 13 met three and 17 met two. The number of quality criteria achieved was not related to reported accuracy rates ( ϭ 0.16, n ϭ 39, p ϭ 0.33). However, accuracy rates were higher in those datasets that reported intercoder reliability coefficients than in those that did not (median accuracy 91 per cent versus 81 per cent, Mann-Whitney U ϭ 98.5, p ϭ 0.039). Accuracy rates were not related to the number of episodes of care included within the dataset ( ϭ -0.09, p ϭ 0.59, n ϭ 38); however, they did vary according to the sampling frame used. Datasets drawn from two or more hospitals (n ϭ 19) were more accurate than those drawn from either one hospital (n ϭ 10), or from a district or region (n ϭ 10) (2ϩ hospitals: median ϭ 94 per cent (61-100 per cent); Յ1 hospital: median ϭ 80 per cent (53-100 per cent); district or region: median ϭ 77.5 per cent (53-98 per cent); Kruskal-Wallis 2 ϭ 7.79, df ϭ 2, p ϭ 0.02). 
Accuracy of coding
Accuracy of coding varied between 53 and 100 per cent over the 39 datasets, with a median of 90 per cent. Procedures and operations were generally coded more accurately than diagnoses, although this was not a statistically significant difference (Mann-Whitney U ϭ 116.5, p ϭ 0.08). In the 14 datasets concerned with OPCS codes, accuracy ranged from 53 to 100 per cent, with a median of 97 per cent. The 25 ICD datasets varied in accuracy from 53 to 98 per cent, with a median of 84 per cent. Overall accuracy rates were similar in Scotland to those in England and Wales (Mann-Whitney U ϭ 173.0, p ϭ 0.69). The median accuracy rates were 89 per cent (range 53-100 per cent) for the 22 Scottish datasets and 90 per cent (range 53-100 per cent) for those in England and Wales. Strong trends suggesting differences emerge when diagnostic and procedural codes are considered separately (diagnostic codes: U ϭ 44.0, p ϭ 0.07; procedural codes: U ϭ 9.5, p ϭ 0.057). The median accuracy rate for diagnostic codes in Scotland is 82 per cent (range 53-98 per cent; 14 datasets) compared with 91 per cent in England, Wales and Northern Ireland (range 74-98 per cent; 11 datasets). For procedural codes, accuracy rates are higher in Scotland (median 98 per cent, range 85-100 per cent; eight datasets) than in England, Wales and Northern Ireland (median 69.5 per cent, range 53-100 per cent; six datasets).
Reported rates of coding accuracy remained stable between 1975 and 1998 ( ϭ 0.13, p ϭ 0.44, n ϭ 39). Considered separately, diagnostic codes showed a tendency towards decreasing accuracy over time ( ϭ -0.27, p ϭ 0.18, n ϭ 25), whereas procedural coding appeared to improve ( ϭ 0.32, p ϭ 0.27, n ϭ 14). Datasets using ICD codes were categorized into four groups to examine the apparent negative trend in more detail. The four groups were those using an unspecified version of ICD (assumed to be ICD7) (n ϭ 4), those using ICD8 (n ϭ 6), those using ICD9 (n ϭ 12) and those using a combination of ICD8 and ICD9 (n ϭ 3). Median and range of accuracy rates in these four groups were: 96.5 per cent (93-98 per cent), 87 per cent (58-94 per cent), 77 per cent (53-98 per cent), and 81 per cent (70-83 per cent). The variability between the four groups was statistically significant (Kruskal-Wallis 2 ϭ 8.02, df ϭ 3, p ϭ 0.046). A similar comparison was not possible for procedural codes because all but one dataset used OPCS4.
Nine datasets were concerned with low prevalence conditions or procedures, 13 with high prevalence conditions or procedures, and 17 with a mixture of both. Coding accuracy rates were higher for high prevalence conditions or procedures than low prevalence ones (low prevalence: median ϭ 81 per cent (53-98 per cent); high prevalence: median ϭ 97 per cent (67-100 per cent); Mann-Whitney U ϭ 25.5, p ϭ 0.027). No differences were observed between datasets concerned with single conditions (n ϭ 19), mixed conditions within the same system or specialty (e.g. gastrointestinal disorders, n ϭ 6), or mixed conditions (medians: 91 per cent (58-100 per cent); 73 per cent (53-97 per cent); 90.5 per cent (53-100 per cent); KruskalWallis 2 ϭ 3.95, df ϭ 2, p ϭ 0.14). The complexity of episodes of care could not be assessed from the information provided in published reports. 
Discussion
Routine coding of information about episodes of hospital care has become a central feature of the NHS. Generating this information is expensive and time consuming, but crucial for both strategic planning and research purposes. Surprisingly, given the importance of coding, there have been relatively few published studies of coding accuracy, and only a small number of these investigate operation or procedure coding. Reported studies are often small, from a limited number of centres and of variable quality. Nevertheless, if the coding system is disregarded, accuracy rates appear to be high, of the order of 84 per cent for diagnostic codes and 97 per cent for procedural codes. These rates do not seem to be affected by the quality of the study, although rates are slightly lower than these in the best quality, recent studies. 2, 27, 30 This may have as much to do with the coding system used as the quality of the study, however. If the coding system is taken into account, diagnostic coding accuracy varies from 96 per cent for ICD7 to 77 per cent for ICD9.
Differences in the organization of coding activities between Scotland and England, Wales and Northern Ireland led to the hypothesis that accuracy rates might differ between the two areas. This was not supported by the studies reviewed here. Diagnostic coding rates are higher in England, Wales and Northern Ireland than in Scotland, but this observation may be affected by the coding systems used in the reported studies. Nine of the 14 Scottish datasets used ICD9 compared with only three of the 11 datasets from other sites. Higher rates of accuracy for procedural codes in Scotland are more difficult to explain, but given the small number of studies considering OPCS codes, this finding should be treated with extreme caution. Accuracy of coding did not appear to be influenced by secular changes over time or by the prevalence of the condition, although there was a trend towards more accurate coding of more frequent conditions.
Coding of discharge data is a difficult and often tedious activity, and the levels of accuracy found in this review were generally high, especially for procedural codes. In the studies included in this review, routine coding was considered to be accurate if a second coder assigned the same code to an episode of care on the basis of the discharge summary or case notes. The second coder was universally viewed as the 'gold standard', implying that any inaccuracy results from errors of various kinds made by the routine coders. This may not be the only reason why inconsistencies occur between two coders, however. For example, a 'discharge diagnosis' often represents the doctor's best guess at a diagnosis at the time of discharge, which may later be revised in the light of information that is not available until after discharge. Routine coders can only code the discharge summary, whereas second coders may be aware of post-discharge information. Further studies are needed to investigate the reasons for discrepancies between coders, to improve both the reliability and validity of routine information.
On the basis of the results of these studies, policy-makers and planners need to recognize the degree of diagnostic code inaccuracies in routinely available statistics, and researchers need to over-sample to achieve appropriate sample sizes. If we allow for diagnostic accuracy of say 70 per cent, researchers should oversample by 30 per cent or undertake pilot studies to estimate the likely diagnostic accuracy rate for the condition of interest and study setting. Any such pilot studies should use robust methods and be reported separately so as to contribute to the modest existing literature on coding accuracy.
Further research is needed into the accuracy of OPCS codes (only five studies could be identified for this review) and recently introduced ICD10 codes. Within Scotland ISD undertakes routine large-scale audits of coding. 2 This makes the value of additional research questionable unless researchers need to collect data to inform the design of specific projects (e.g. Campbell et al. 31 ). However, within England, there have been few published studies following the introduction of ICD9, and these have been based in a small number of hospitals. Further research into the accuracy of coding across multiple hospital sites is needed. Perhaps more importantly, further research is needed into methods of improving coding accuracy.
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